The relations between the shifting of ionic clouds of the sporadic-E and the type of the daily variation of the terrestrial magnetism are discussed in more detail than in the first report. Moreover, a research is being made regarding the shifting of ionic clouds of the F2 layer.
The relations between the shifting of ionic clouds of the sporadic-E (Es) and the type of the daily variation of the terrestrial magnetism have been discussed already in the first report, in which ionospheric data in Japan for June 1949 were studied mainly (1). In this report, a research conducted on these relations during June solstice and equinoxes of 1949, except days of non-observation, is discussed. At that time, the type of the daily variation of the terrestrial magnetism is classified by the variation of the horizontal component, as in Fig. 1 .
Relations between these types of the daily variation at Kakioka and the direction of the shifting for the four time-groups (i.e. 01-07, 07-13, 13-19 and 19-01 h.) during June solstice of 1949 are obtained as in Fig. 2 . Because the number of the days of the E type during this season is few (see Fig. 4 ), it is difficult to obtain these relations for the E type. Research on these relations during equinoxes of 1949 is conducted also, but the relations are not clear except the case of the storm time, since the Es in this season is not intense at the quiet time. From the aspect of these changes of the direction of the shifting for the ease of the P type, it becomes necessary to consider the semi-diurnal variation of the ionosphere.
It will be discussed in paragraph three.
In Because the direction of the shifting is both northward and southward in the same month. Accordingly, it may be possible to consider that ionic clouds of the F2 layer shift to the south The apparent velocity of the shifting is from 1080 to 360km/h, and is 540km/h as the mean of all. (cf. 370km/h as the mean, in the case of the Es.) Most recently, the speed of sporadic clouds was obtained from the observation at Baker Lake by Meek (4). It was from 600 to 1300km/h at the height from 250 to 300km. He adopted 1200km/h as the mean speed at the height of 300km. It nearly corresponds to the abovementioned result, and speed 400km/h obtained by him for the height of 100km definitely corresponds to our result for the Es.
Frequencies of occurrence of the southward and the northward shifting of ionic clouds of the F2 layer for each type of the daily variation of the terrestrial magnetism during June solstice and equinoxes of 1949 are as follows: Though the cases are quite few in this table, it seems the southward shifting in the F2 layer corresponds the sameward shifting in the Es region, when the shifting occurs in both regions.
On the Semi-Diurnal Variation
In the second report (1), the diurnal variation of the ionosphere due to circulatory motions was discussed and the dynamo action owing to the variation was calculated. But, from the aspect of the abovementioned change of the direction of the shifting of ionic clouds of the Es for the case of the P type of the daily variation of the terrestrial magnetism, it becomes necessary to consider the semi-diurnal variation of the ionosphere.
From ionospheric data obtained from various locations (see, Fig. 1 in the second report), the semi-diurnal variation of the virtual height of the F2 layer is analyzed, as in the case of the research for the diurnal variation. Fig. 9 indicates the meridional distribution of both the semi-amplitude of the semi-diurnal variation of the virtual height of the F2 layer and the phase in hours, at which maximum of the variation occurs, in Mar., June and Sep. 1947 . In this case also, as in the diurnal variation, the meridional distribution of the amplitude would be represented by the form of C+DP6 (Schmidt's spherical function). The difference of the value between equinox and solstice is small, though there was great difference in the case of the diurnal variation (see dotted curves in Fig. 9 ). This suggests that the semi-diurnal variation does not directly depend on thermal effect. be given important consideration. This is favourable to the foregoing results of the shifting of the ionic clouds. In middle latitudes, the phase in hours is nearly same (about 13h.) both in equinox and in solstice (see Fig. 9 ), though it has great difference in the case of the diurnal variation. From these results and from the point of view of the cause of the semi-diurnal variation in the upper atmosphere (5) (6), this variation may be caused by a tidal motion. But the form of this tidal motion will not be such a simple form as P2, but may be the form of P6 or the combined form of P6 and P. If it will be possible to assume that the phase for the semi-diurnal tidal variation Abscissa: geographical latitudes of the height of a layer lower than the E layer (for example, the ID layer or the lower part of the E layer) has such a phase difference of 180, as compared to that of the E and the F layer, as in the assumption for the circulatory motions, and that the form of the semi-diurnal tidal variation in the lower layer is represented by the form of P6-3P, then it will be calculated by the dynamo theory (7), that the lower layer may produce Sq in spite of small electric conductivity, when the wind velocity of the layer is of order 100m/s in middle latitudes, as in the case of the shifting of ionic clouds of the sporadic E region, and when the variation of the height is assumed to be the vertical rise and fall of an isobaric surface. If the relative pressure oscillation for the semi-diurnal tidal circulation in the lower layer is assumed to be 0.15(P6-3P)sin(2t+60),
there is a source of the air flow in the middle latitudes of the lower layer at 10 h. of the local time. The phase angle 60-from this the abovementioned 10h. is obtained -is determined by the assumption that the semi-diurnal variation in the lower layer has a minimum at 13 h., from the results that the semi-diurnal variation of the height of the F2 layer in middle latitudes has a maximum at about 13 h. as in Fig. 9 . From the assumption, the velocity potential is 1.28x1012(P26-3P)sin(2t-30). Fig. 10 indicates the air-velocities for this velocity potential. In the E and F layers, the direction of the wind is reverse to it in this figure. Accordingly, the direction of the wind in the E and F layers at the north of the source or the sink of the air-flow corresponds to the statistical results of the shifting of ionic clouds of the Es.
When the electric conductivity K is constant, the current function may be (0.38P7-0.61P5-1.23P3)x1012Ksin(2t-30). If the total electric current for this current function is of order 62,000amp., such value of K is 5.0x10-e.m.u., and the electric current is shown in the right part of Fig. 10 . The diurnal variation of the ionosphere due to circulatory motions and the semi-diurnal variation owing to the tidal circulation have been considered separately, and the dynamo action have been calculated respectively. Now the dynamo action due to both the diurnal and the semi-diurnal variation will become necessary to consider.
From the comparison of the amplitude of the diurnal and the semi-diurnal variation of the ionosphere, it may be estimated as the mean state of a year that the dynamo effect due to the semi-diurnal variation is 0.6 times larger than that due to the diurnal variation. Because, from the abovementioned results that the amplitude of the diurnal variation of the F2 layer is three times larger* than that of the semidiurnal variation in June solstice, but both are nearly equal in Dec. solstice and equinoxes, the ratio of the amplitude of the diurnal variation to that of the semi-diurnal variation as the mean state of a year is 5:3, i.e. 1:0.6. Accordingly, the Sq field due to the two variations is calculable by the assumption that the foregoing dynamo effect for each variation contributes respectively to the production of Sq with such a dynamo effect as this ratio. Fig. 11 is the electric currents obtained from these estimations, when the electric conductivity at this time is about one-half of the conductivity in the case of the calculation of the electric currents for either one variation. It resembles generally to the electric currents obtained from geomagnetical data (7) (8). In the case of the SD field too, both the diurnal and the semi-diurnal variation must be considered. The principle for the calculation is already mentioned in the second report.
Whole Conclusions for Three Reports
The shifting of ionic clouds in the Es region and the F2 layer was discussed, using the data from the five ionospheric observatories in Japan. On the other hand, a research on meridional distribution of the virtual height of the ionosphere for the daily mean was conducted, and general circulation in the ionospheric atmosphere was estimated.
Moreover, the diurnal variation and the semi-diurnal variation of the F2 layer Fig. 11 The electric currents-unit, 1,000amp.-associated with both the diurnal circulatory motions and the semi-diurnal tidal circulation. (shown for the northern hemisphere)
were analyzed in each season, and the meridional distributions of their amplitudes and phases were studied, using the data of the virtual height from many ionospheric observatories over the world. From these results, it may be most possible to consider that the diurnal variation depends on circulatory motions owing to thermal expansion and that the semi-diurnal variation depends on tidal circulations.
These assumptions may be convenient to explain a cause of the production of the S field of the terrestrial magnetism. Namely, if a layer lower than the E layer (for example, the D layer or the lower part of the E layer) has such wind that the direction is reverse to the wind supposed from both the shifting of ionic clouds in the Es region and the F2 layer and variations of the height of the ionosphere, then the lower layer may produce the Sq field and the E-F layer may produce the SD field, in spite of their small electric conductivity (of order 10-8e.m.u. in the lower layer, when the wind speed is of order 100m/s), as the difference of the dynamo effect for two layers.
Conclusively, a cause of the S field of the terrestrial magnetism was studied in
